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Abstract
Introduction Infection is an important complication in cancer patients, which frequently leads to or
prolongs hospitalization, and can also lead to acute organ dysfunction (severe sepsis) and eventually
death. While cancer patients are known to be at higher risk for infection and subsequent complications,
there is no national estimate of the magnitude of this problem. Our objective was to identify cancer
patients with severe sepsis and to project these numbers to national levels.
Methods Data for all 1999 hospitalizations from six states (Florida, Massachusetts, New Jersey, New
York, Virginia, and Washington) were merged with US Census data, Centers for Disease Control vital
statistics and National Cancer Institute, Surveillance, Epidemiology, and End Results initiative cancer
prevalence data. Malignant neoplasms were identified by International Classification of Disease (ninth
revision, clinical modification) (ICD-9-CM) codes (140–208), and infection and acute organ failure
were identified from ICD-9-CM codes following Angus and colleagues. Cases were identified as a
function of age and were projected to national levels.
Results There were 606,176 cancer hospitalizations identified, with severe sepsis present in 29,795
(4.9%). Projecting national estimates for the US population, cancer patients account for 126,209
severe sepsis cases annually, or 16.4 cases per 1000 people with cancer per year. The inhospital
mortality for cancer patients with severe sepsis was 37.8%. Compared with the overall population,
cancer patients are much more likely to be hospitalized (relative risk, 2.77; 95% confidence interval,
2.77–2.78) and to be hospitalized with severe sepsis (relative risk, 3.96; 95% confidence interval,
3.94–3.99). Overall, severe sepsis is associated with 8.5% (46,729) of all cancer deaths at a cost of
$3.4 billion per year.
Conclusion Severe sepsis is a common, deadly, and costly complication in cancer patients.
Keywords: cancer, costs, infection, mortality, severe sepsis
Introduction
Severe sepsis, defined as a systemic response to infection
with acute organ dysfunction, is associated with significant
morbidity and mortality. In the United States the incidence of
severe sepsis is approximately 750,000 cases per year, and
the incidence is projected to increase annually [1]. The
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mortality from severe sepsis ranges from 30 to 50% depend-
ing on the population studied [2,3]. Hospitalization due to
infection is a common complication for patients living with
malignancy. Immunosuppression in cancer patients, resulting
from cancer therapy or due to the malignancy itself, leads to
severe infection, which is a frequent cause of death in this
population [4,5]. However, there is a paucity of data regarding
the epidemiology of severe sepsis in cancer patients.
Angus and colleagues [1] showed that one in six severe sep-
sis patients have underlying neoplastic disease, and that these
patients have a 30% higher risk of death, compared with other
severe sepsis patients. This increased risk of death may be
precipitated by specific opportunistic infections, through
tumor production of cytokines, or by worsening organ dysfunc-
tion secondary to localized obstruction. The cancer population
is very heterogeneous, with great variation in the degree of
immunosuppression and long-term survival. Patients with
hematologic cancers are likely to be more immunocompro-
mised than patients with solid organ malignancy. Cancers
associated with major organ systems, such as the lung or the
kidney, are more likely to directly impair organ function. It is
uncertain whether severe sepsis outcomes are similarly varia-
ble in the cancer population.
Although the occurrence of severe sepsis in cancer patients
has been described as a significant cause of death, there is no
published national estimate of this problem, nor any descrip-
tion of the variability of severe sepsis incidence and mortality
by tumor type. We therefore conducted a study of a large,
nationally representative sample to determine estimates of the
incidence, outcome, and associated cost of severe sepsis in
adult US cancer patients.
Materials and methods
Data sources
We constructed a patient database for the calendar year 1999
from six state hospital discharge databases containing all dis-
charges from non-Federal hospitals in Florida [6], Massachu-
setts [7], New Jersey [8], New York [9], Virginia [10], and
Washington [11]. We selected these states based on their
geographic representation, data quality, and availability. This
database does not have any patient identifiers and is public.
Informed consent was therefore not required for this study. For
each case we extracted the patient's age, gender, Interna-
tional Classification of Diseases (ninth revision, clinical modifi-
cation [ICD-9-CM]) codes for principal discharge diagnosis,
secondary discharge diagnoses and procedures, hospital
length of stay, diagnosis-related group, intensive-care-related
accommodation days and charges, and total charges for the
hospitalization and disposition at hospital discharge.
We obtained national and state population data from the US
Census [12]. The six-state population in 1999 was
60,397,000, or 22% of the US population. We used institu-
tion-specific cost-to-charge ratios from the 1999 Centers for
Medicare and Medicaid Services Payment Impact File (Cent-
ers for Medicare and Medicaid Services, Baltimore, MD, USA)
and obtained information on cancer prevalence from the
National Cancer Institute, Surveillance, Epidemiology, and
End Results initiative [13].
Case selection and definitions
We selected all adult (defined as aged ≥ 20 years) nonchild-
birth-related hospitalizations to match hospital discharges to
the categories available for state data from the US Census
Bureau. Discharges with a diagnosis-related group from major
diagnostic category 14 relating to pregnancy, childbirth, and
the puerperium were excluded. We identified severe sepsis
cases using ICD-9-CM codes for both infection (bacterial or
fungal) and acute organ dysfunction [1]. This method was val-
idated by Angus and colleagues in their study by comparing a
validation cohort with a reference cohort. In 1999, no ICD-9-
CM code was available for severe sepsis. Cancer was identi-
fied using ICD-9-CM codes for malignant neoplasms (140–
208), and was further categorized into hematologic primary or
solid tumor primary. In order for a malignancy ICD-9-CM code
to be used for a discharge diagnosis, the patient had to have
current malignancy. National Cancer Institute, Surveillance,
Epidemiology, and End Results initiative reporting categories
were matched to specific sets of ICD-9-CM codes to carry out
tumor type-specific analyses.
The hospital length of stay was extracted from the database
and defined as the mean with standard deviation. The pres-
ence of noncancer comorbidity was identified by a Charlson-
Deyo score > 0 [14] after excluding cancer categories. We
defined cases as postoperative if they were assigned to a sur-
gical diagnosis-related group. We estimated costs by multiply-
ing reported charges by the hospital-specific cost-to-charge
ratios. This method of using provider-specific files from the US
Health Care Financing Administration has been previously
described [1]. Hospital mortality and discharge to home were
identified from hospital discharge status.
Analytic strategy
We projected hospitalizations, resource use, and outcomes to
national levels using age-specific/gender-specific weights
[11]. Total prevalence and tumor type-specific prevalence as
a function of age for persons living with cancer were estimated
by applying 1997 prevalence rates from the National Cancer
Institute, Surveillance, Epidemiology, and End Results initiative
to the 1999 US population. Severe sepsis incidence was cal-
culated by dividing the national estimate for the number of
severe sepsis hospitalizations by the estimated population in
thousands.
Statistical analysis
We compared continuous data using an unpaired Student's t
test and compared categorical data by the chi-square test orAvailable online http://ccforum.com/content/8/5/R291
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Fisher's exact test. We constructed the databases in Foxpro®
[15] (Microsoft® Corporation, Redmond, WA, USA), and con-
ducted analyses in Data Desk® (Data Description Inc., Ithaca,
NY, USA) and in SAS® (SAS Institute Inc., Cary, NC, USA).
Results
Incidence
Of the 6,754,638 hospitalizations in patients aged 20 years
and older in the six-state database, 606,176 (9.0%) were
associated with a cancer diagnosis. A total of 220,385 (3.5%)
hospitalizations were associated with severe sepsis, and
29,795 (13.5%) of these severe sepsis hospitalizations had
cancer. Severe sepsis was involved in 4.9% of all cancer hos-
pitalizations with a higher rate among medical hospitalizations
(5.5%) than surgical hospitalizations (3.8%). Descriptive char-
acteristics for this cohort are presented in Table 1; all differ-
ences between means and proportions are significant (P ≤
0.0001). The cohort of cancer patients with severe sepsis was
slightly older (68.2 years versus 66.2 years, respectively), had
a higher proportion of males (55.6% versus 49.9%, respec-
tively), and had a higher proportion of patients with noncancer
comorbid conditions (31.8% versus 28.5%, respectively) than
those patients without severe sepsis. Cancer patients with
severe sepsis were less likely to be surgically managed
(31.1% versus 40.8%, respectively) and were more likely to
receive intensive care unit (ICU) care (47.9% versus 14.8%,
respectively) than other hospitalized cancer patients. In cancer
patients hospitalized with severe sepsis, 37.9% were
discharged directly to home and 24.3% were discharged to
another hospital or nursing home.
After adjusting for age and gender, the cancer population is
much more likely to be hospitalized (relative risk, 2.77; 95%
confidence interval [CI], 2.77–2.78) and to be hospitalized
with severe sepsis (relative risk, 3.96; 95% CI, 3.94–3.99)
than the noncancer population (Table 2). This produced a
national estimate of 2,532,000 hospitalizations and 126,200
cases of severe sepsis in the cancer population each year. The
age-specific cumulative incidence of severe sepsis for those
with and without cancer is presented in Figure 1. While the
incidence of severe sepsis in the noncancer population
increased exponentially from 0.77 per 1000 for ages 20–39
Table 1
Descriptive characteristics of the cancer analytic cohort, adults only
Characteristic No severe sepsis Severe sepsis Total
Hospitalizations 576,381 29,795 606,176
Age (years) (mean ± standard deviation) 66.2 ± 14.7 68.2 ± 14.2 66.3 ± 14.7
Male (%) 49.9 55.6 50.2
Caucasian (%)a 71.9 70.0 71.8
Noncancer comorbidity (%) 28.5 31.8 28.6
Postoperative (%) 40.8 31.1 40.3
Mortality (%) 7.2 37.8 8.7
Discharge to home (%) 77.1 37.9 75.19
Medical
Length of stay (days) (mean ± standard deviation) 6.5 ± 8.2 12.5 ± 13.6 6.9 ± 8.7
Cost per hospitalization (× $1000) (mean ± standard deviation) 7.1 ± 11.2 18 ± 22 7.7 ± 12.3
Surgical
Length of stay (days) (mean ± standard deviation) 7 ± 8.4 27 ± 25.1 7.8 ± 10.3
Cost per hospitalization (× $1000) (mean ± standard deviation) 10.9 ± 14.9 48 ± 48.5 12.3 ± 18.8
Total
Length of stay (days) (mean ± standard deviation) 6.7 ± 8.3 17 ± 19.2 7.2 ± 9.4
Cost per hospitalization (× $1000) (mean ± standard deviation) 8.7 ± 12.9 27.4 ± 35.5 9.6 ± 15.4
Severe sepsis cases 0 29,795 29,795
Severe sepsis (%) 0 100.0 4.9
Intensive care unitb (%) 14.8 47.9 16.5
All differences between means and proportions are significant (P ≤ 0.0001). Adults defined as aged ≥ 20 years; childbirth-related discharges not 
included. aCaucasian results were calculated with data from four states (Florida, New York, New Jersey, and Massachusetts). bIntensive care unit 
results included hospitalizations for only five states (Florida, New York, New Jersey, Massachusetts, and Washington).Critical Care    October 2004  Vol 8 No 5    Williams et al.
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years to 36.6 per 1000 for those aged 85 years and older, the
incidence in the cancer population was almost independent of
age with an overall rate of 16.4 cases per 1000 cancer
population.
Mortality
The overall hospital mortality for severe sepsis patients with
cancer was 52% higher than for noncancer severe sepsis
patients (37.8% versus 24.9%, respectively) and was five
times greater than the nonsevere sepsis cancer hospital mor-
tality (37.8 % versus 7.2%, respectively). This corresponds to
a national estimate of 46,729 hospitalized severe sepsis
deaths per year in the cancer population. The age-specific
hospital mortality for those with and without cancer is pre-
sented in Figure 2. Mortality for cancer patients with severe
sepsis increased from 25% in those aged 20–24 years to
40% for those 40–44 years of age, at which point it became
independent of age with an average rate of 38% for those
aged 40 years and older. In contrast, the noncancer severe
sepsis mortality rate increased continuously from 9% in those
aged 20–24 years to 34% in those aged 85 years and older.
Tumor types
A single primary tumor type was found for 83.4% of severe
sepsis cancer hospitalizations (54.7% with solid tumors and
28.7% with hematologic tumors), multiple primary tumors
Table 2
1999 National projections of severe sepsis by tumor types, adultsa only
Tumor type Hospitalizationsb No severe 
sepsis 
mortality
Severe 
sepsis 
cases
Severe 
sepsis 
mortality
Severe 
sepsis ratec
Relative risk of severe 
sepsisd(confidence 
interval)
Noncancer
Total patientse 22,651,429 2.0 790,743 24.9 4.2 1.00
Cancer
Total patientse 2,531,994 7.1 126,209 37.8 16.4 3.96 (3.94 – 3.99)
Hematologic tumor
Non-Hodgkins lymphoma 159,984 5.9 11,729 40.4 43.4 10.26 (10.08–10.44)
Lymphocytic leukemia 60,365 5.9 6447 32.8 77.8 18.40 (17.97–18.84)
Hodgkin's disease 20,617 3.3 1,575 38.0 17.2 4.07 (3.87–4.27)
Multiple myeloma 69,576 6.1 6588 32.2 142.2 33.61 (32.87–34.38)
Myeloid leukemia 53,523 9.7 8234 35.2 275.5 65.15 (63.95–66.36)
Monocytic leukemia 949 14.5 110 45.8 108.3 25.62 (21.5–30.6)
Total hematologic tumor 365,014 6.3 34,684 36.1 66.4 15.71 (15.55–15.88)
Solid tumors
Breast cancer 197,808 3.1 2915 34.6 1.6 0.39 (0.38–0.4)
Prostate cancer 225,789 3.5 6883 27.5 4.8 1.13 (1.1–1.16)
Colon and rectum cancer 232,423 5.1 9409 35.8 9.8 2.32 (2.27–2.37)
Urinary bladder cancer 85,256 3.6 3176 27.8 7.1 1.67 (1.61–1.73)
Skin melanoma 14,203 4.9 200 38.1 0.5 0.11 (0.1–0.13)
Corpus and uterus cancer 51,212 2.2 1002 27.1 2.4 0.57 (0.53–0.6)
Lung and bronchus cancer 359,236 12.0 20,377 45.2 58.2 13.76 (13.58–13.95)
Thyroid cancer 27,467 1.1 178 32.4 0.9 0.21 (0.18–0.24)
Kidney and renal pelvis cancer 45,656 4.8 1510 28.0 8.8 2.07 (1.97–2.18)
Ovary cancer 57,315 5.1 1682 33.3 10.8 2.56 (2.44–2.68)
Brain and other nervous cancer 43,096 6.0 1512 28.2 27.5 6.50 (6.18–6.83)
Total solid tumors 1,339,463 6.1 48,846 37.2 7.6 1.81 (1.79–1.82)
aAdults defined as aged > 20 years. bAfter adjusting for age and gender, cancer patients are much more likely to be hospitalized (relative risk, 
2.77; 95% confidence interval, 2.773–2.779) and to be hospitalized with severe sepsis (relative risk, 3.96; 95% confidence interval, 3.94–3.99). 
cSevere sepsis cases per 1000 population. dRelative risk of severe sepsis between tumor type and noncancer population (excluding childbirth). 
eChildbirth-related discharges not included.Available online http://ccforum.com/content/8/5/R291
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were present in 4.3% of cases, and metastatic cancer without
reference to the primary accounted for 12.3% of cancer
severe sepsis discharges. Cancer prevalence, hospitaliza-
tions, severe sepsis incidence, and severe sepsis mortality for
selected tumor types are presented in Table 2. The selected
set of hematologic cancers accounted for 98% of all hemato-
logic cancer hospitalizations and the selected solid tumors
accounted for 75% of solid tumor hospitalizations. The inci-
dence of severe sepsis was much higher in hematologic can-
cers than in solid tumors (66.4/1000 versus 7.6/1000,
respectively;P = 0.006) but both cancer types had similar hos-
pital mortality rates (36.1% versus 37.2%, respectively). While
the risk of severe sepsis was 1.8 times higher for solid tumor
cancers than for the noncancer population (relative risk, 1.81;
95% CI, 1.79–1.82), the risk of severe sepsis was 15 times
greater for hematologic cancers (relative risk, 15.71; 95% CI,
15.55–15.88).
Hematologic tumors
Among patients hospitalized with hematologic tumors, non-
Hodgkin's lymphoma was the most frequent tumor type, with
159,984 hospitalizations and 11,729 cases of severe sepsis.
The cumulative incidence of severe sepsis was 43 cases per
1000 people living with non-Hodgkin's lymphoma. The relative
risk of severe sepsis in those with non-Hodgkin's lymphoma
was 10 times greater than that observed in the noncancer
population (relative risk, 10.26; 95% CI, 10.08–10.44). The
highest severe sepsis rate occurred in myeloid leukemia with
more than one in four persons affected (275.5/1000), yielding
a relative risk of 65.2 (95% CI, 63.95–66.36) compared with
the noncancer population. The lowest rate, Hodgkin's disease
(17.2/1000), was still more than four times that of the
noncancer population. The highest mortality occurred with
monocytic leukemia (45.8%), but with only 110 cases this
group also had the smallest number of deaths.
Solid tumors
There was much more variation between solid tumor locations.
Cancer of the lung and bronchus had the highest severe
sepsis incidence (58.2/1000), the most cases (20,377), the
highest mortality (45.2%), and a much higher risk of severe
sepsis than the noncancer population (relative risk, 13.8; 95%
CI, 13.58–13.95). Breast cancer, prostate cancer, and colon
cancer represented about one-half of all solid tumor hospitali-
zations; however, the severe sepsis incidence for each of
these tumor types was lower (1.6 per 1000, 4.8 per 1000, and
9.8 per 1000, respectively) than for many other tumor types.
Four solid tumor types had rates lower than the noncancer
severe sepsis rate: corpus and uterus tumors, breast tumors,
thyroid tumors, and skin melanomas. Solid tumors had a wider
range in mortality than hematological tumors (27.1–45.2%), all
of which were higher than the noncancer mortality rate.
Hospital resource use and costs
The severe sepsis cancer length of stay was almost three
times as long as (17.1 days versus 6.7 days, P < 0.0001) and
the costs were more than three times as much as ($27,400
versus $8700, P < 0.0001) nonsevere sepsis cancer hospital-
izations (Table 3). Medical cancer severe sepsis hospitaliza-
tions stayed almost twice as long as (12.5 days versus 6.5
days, P < 0.0001) and cost more than twice as much as
($18,200 versus $7100, P < 0.0001) other medical cancer
hospitalizations. Surgical cancer severe sepsis discharges
stayed almost four times as many days as (27.1 days versus
7.0 days, P < 0.0001) and cost more than four times as much
as ($48,400 versus $10,900, P < 0.0001) other surgical can-
cer hospitalizations. Surgically managed cancer severe sepsis
patients stayed longer than (27.1 days versus 12.5 days, P <
0.0001) and cost more than ($48,000 versus $18,200, P <
0.0001) cancer severe sepsis medical patients.
The estimated total national hospitalization cost associated
with the care of cancer severe sepsis hospitalizations in 1999
Figure 1
Age-specific incidence (per 1000 population) of severe sepsis patients  with and without cancer Age-specific incidence (per 1000 population) of severe sepsis patients 
with and without cancer.
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Figure 2
Age-specific hospital mortality for severe sepsis patients with and with- out cancer Age-specific hospital mortality for severe sepsis patients with and with-
out cancer.
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was $3.4 billion. Severe sepsis cancer hospitalizations
accounted for 4.9% of cancer hospitalizations, but consumed
14.0% of the costs. The cost of care for adults aged 20–49
years, aged 50–64 years, and aged 65 years and older were
$584 million (17.1%), $918 million (26.9%), and $1913 mil-
lion (56.0%), respectively.
Discussion
In the present investigation we have shown that severe sepsis
is a common complication in cancer patients, with an esti-
mated 16.4 cases per 1000 persons living with cancer. The
rate of severe sepsis in cancer patients was observed to be
three to five times higher than that in noncancer patients,
depending on the age cohort. Importantly, the risk of severe
sepsis in cancer patients was not as age dependent as that in
those patients without cancer. The average hospital mortality
for cancer patients with severe sepsis was 37.8%, with a
national estimate of 46,729 annual deaths, which represents
nearly 10% of annual cancer deaths. There was significant var-
iability of the incidence and mortality of severe sepsis by spe-
cific tumor type, with hematologic malignancies having the
highest incidence and mortality. In addition, cancer patients
with severe sepsis had significantly longer lengths of stay and
associated hospital costs than hospitalized cancer patients
without severe sepsis.
Cancer patients may be immunocompromised due to multiple
factors such as chemotherapy, radiotherapy, impairment of
normal leukocyte function, or use of corticosteroids [16].
Although infectious complications in cancer patients have
been well described [17], estimates of the true incidence of
severe sepsis in this population have been unavailable. To our
knowledge, this is the first published study to create national
estimates of severe sepsis incidence and mortality in cancer
patients.
We have estimated that approximately 2.5 million annual hos-
pitalizations occur for patients with a primary or secondary
diagnosis of cancer. Severe sepsis is estimated to occur in
4.9% of these patients annually. Compared with the overall
population, cancer patients were nearly three times more likely
to be hospitalized with severe sepsis. The incidence of severe
sepsis in the noncancer population dramatically increased
with increasing age. In contrast, age had little effect on the
incidence of severe sepsis in cancer patients. In part, this may
be due to younger patients receiving more aggressive chemo-
therapy than older patients, potentially balancing the
increased risk of infection attributable to increasing age.
Importantly, this study has demonstrated the high mortality of
severe sepsis in cancer patients. The national estimate of
46,729 annual deaths from severe sepsis represents nearly
10% of all cancer deaths. This is probably an underestimation
since many cancer patients die at home under hospice care
[18,19]. Similar to the incidence of severe sepsis, severe sep-
sis mortality increases significantly in noncancer patients with
increasing age. However, the mortality of severe sepsis in can-
cer patients is less affected by age. Even younger adults have
inhospital mortality rates as high as 35%. Many of these
younger patients may have potentially curable malignancy only
to die from severe sepsis, with great societal cost.
One of our working hypotheses for the present study was that
the incidence of severe sepsis would vary greatly between
tumor types. We hypothesized that patients with hematologic
malignancy would have a high incidence of severe sepsis,
associated with high mortality. Multiple studies have demon-
strated the high mortality of severe infection in such patients
[20,21]. We also hypothesized that lung cancer patients
would be at high risk for complicated pneumonia and subse-
quent severe sepsis due to tumor obstruction of major airways
Table 3
National estimates of resource use in the cancer analytic cohort, adults only
Resource No severe sepsis Severe sepsis Total
Medical
Length of stay 6.5 ± 8.2 12.5 ± 13.6 6.9 ± 8.7
Cost per hospitalization 7.1 ± 11.3 18.2 ± 22.4 7.8 ± 12.4
Surgical
Length of stay 7 ± 8.4 27.1 ± 25.1 7.8 ± 10.3
Cost per hospitalization 10.9 ± 14.9 48.4 ± 49 12.3 ± 18.8
Total
Length of stay 6.7 ± 8.3 17.1 ± 19.2 7.2 ± 9.4
Cost per hospitalization 8.7 ± 13 27.6 ± 35.9 9.6 ± 15.5
Values presented as mean ± standard deviation; all differences between means are significant (P < 0.0001). Adults defined as aged ≥ 20 years; 
childbirth-related hospitalizations not included.Available online http://ccforum.com/content/8/5/R291
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[22]. Indeed, we have demonstrated that the incidence and
mortality of severe sepsis varies by tumor type and specific
cancer. The incidence of severe sepsis was significantly
higher in hematologic malignancies (66.4 per 1000) than in
solid tumors (7.6 per 1000). While the risk of severe sepsis
was 1.8 times higher for solid tumor cancers than for the non-
cancer population, the risk of severe sepsis was 15 times
greater for patients with hematologic malignancy than for the
overall population. This result is not unexpected given the
higher severity of chemotherapy-induced myelosuppression,
including bone marrow transplantation, in patients with hema-
tologic malignancy. We have demonstrated that the incidence
of severe sepsis in patients with lung cancer is nearly 14 times
higher than in the noncancer population (relative risk, 13.76;
95% CI, 13.58–13.95). Also, lung cancer patients had the
highest inhospital mortality from severe sepsis of all the solid
tumor types. This result is not surprising given the persistent
high mortality from this deadly malignancy. Interestingly, inhos-
pital severe sepsis mortality was similar for hematologic can-
cers and for solid tumor cancers (36.1% versus 37.2%,
respectively).
Many studies have demonstrated the significant burdens of
cancer care in terms of healthcare expenditures and resource
use [23,24]. Brown and colleagues reported that, in 1990,
hospitalization costs for cancer patients were $17 billion [23].
Angus and colleagues also published hospitalization costs for
severe sepsis patients of an estimated $17 billion annually [1].
Since 17% of this patient population had malignancy, this
translates into an estimated annual hospitalization cost for
cancer patients with severe sepsis of $2.8 billion. In the
present study, we have estimated the total hospitalization
costs for cancer patients to be $3.4 billion annually. Much of
this high cost is due to prolonged ICU and or hospital length
of stay, which has been well described in the cancer popula-
tion [25,26]. This may contribute to bias against aggressive
care for these patients who become critically ill [27-29]. Inter-
estingly, in the present study approximately 50% of cancer
severe sepsis patients were admitted to an ICU. Potentially,
advanced directives that limited transfer to an ICU were partly
responsible for this observation. In the present study, we have
shown that cancer patients with severe sepsis have a nearly
threefold higher length of stay and total cost than hospitalized
cancer patients without severe sepsis. We were not able to
determine whether this increased length of stay was solely due
to the diagnosis of severe sepsis from our database. In addi-
tion, surgical cancer patients with severe sepsis have a total
cost and length of stay that is more than double that of medical
cancer patients with severe sepsis. This is understandable
since surgical oncology operations are often complex and can
be associated with significant complications [30,31].
There are important limitations of the present study that
deserve comment. Specifically, since a national hospitalization
database does not exist, our national estimates for severe sep-
sis in cancer patients were generated from a hospital data-
base from six large states. However, these six states represent
the most populated regions of the United States and thus
should provide a reliable estimate for this very serious cancer
complication. In addition, similar to a previous severe sepsis
epidemiologic study, we used multiple ICD-9-CM codes to
determine the presence of severe sepsis [1]. There may thus
be an element of underestimation or overestimation of severe
sepsis in the present study.
Using administration data retrospectively to define severe sep-
sis and cancer may be prone to bias, such as the interpretation
of hospital records by coders not involved in patient care. A
new ICD-9-CM code was recently approved specifically for
severe sepsis, which should increase the ability to accurately
identify these patients for future studies of severe sepsis.
Future studies could also include data from severe sepsis reg-
istries to study this special population prospectively. Hospital-
izations of cancer patients were captured in our analysis, yet
this may not represent the accurate number of total patients
affected, since some patients may have had multiple hospital-
izations within a year.
We believe that one strength of the present study is the exten-
sive incidence and mortality data by tumor type. However, the
incidence of severe sepsis in patients with hematologic malig-
nancy is likely to be overestimated, since one of the criteria for
acute organ dysfunction due to sepsis includes the ICD-9-CM
codes for thrombocytopenia. These patients frequently
receive myeloablative chemotherapy and possibly could have
an infection without any acute organ dysfunction, but still
would be captured as having severe sepsis since they have
acute thrombocytopenia.
Finally, we believe that the resource-use data, including length
of stay and total hospital cost, is an important contribution. We
were unable to assess whether the patient had multiple ICU
admissions, and the hospital cost analysis is limited to all-
cause cost and is not severe sepsis specific. However, the
demonstration of the extensive resources required for the care
of these patients emphasizes the need for preventative care to
limit immunocompromised infections and the need for
advances in sepsis therapy.
Conclusion
We found that severe sepsis is a common, deadly, and costly
complication in cancer patients. The incidence of severe sep-
sis in this population occurs across all ages and is associated
with high mortality. Cancer patients with severe sepsis have
significantly longer hospital lengths of stay and total hospital
costs. We estimate that the annual hospital costs for these
patients exceed $3 billion annually. Advances in medical ther-
apy for these complicated patients could have a significant
impact for cancer survival.Critical Care    October 2004  Vol 8 No 5    Williams et al.
R298
Competing interests
MDW, LB, LMC, JJ & RLQ are employees of Eli Lilly &
Company.
References
1. Angus DC, Linde-Zwirble WT, Lidicker J, Clermont G, Carcillo J,
Pinsky MR: Epidemiology of severe sepsis in the United
States: analysis of incidence, outcome, and associated costs
of care. Crit Care Med 2001, 29:1303-1310.
2. Sands KE, Bates DW, Lanken PN, Graman PS, Hibberd PL, Kahn
KL, Parsonnet J, Panzer R, Orav EJ, Snydman DR: Epidemiology
of sepsis syndrome in 8 academic medical centers. Academic
Medical Center Consortium Sepsis Project Working Group.
JAMA 1997, 278:234-240.
3. Zeni F, Freeman B, Natanson C: Anti-inflammatory therapies to
treat sepsis and septic shock: a reassessment. Crit Care Med
1997, 25:1095-1100.
4. Chanock S: Evolving risk factors for infectious complications
of cancer therapy.  Hematol Oncol Clin North Am 1993,
7:771-793.
5. Allegretta GJ, Weisman SJ, Altman A: Oncologic emergencies II.
Hematologic and infectious complications of cancer and can-
cer treatment. Pediatr Clin North Am 2003, 32:613-624.
6. State of Florida: Agency for Health Care Administration Hospi-
tal Inpatient Data File. 1999.
7. The Commonwealth of Massachusetts: Executive Office of
Health and Human Services FY 1996 Hospital Case Mix Data
Base. 1999.
8. State of New Jersey: Department of Health and Senior Services
Discharge data UB-92 YTD Tape File. 1999.
9. State of New York: State of New York Department of Health
SPARCS: 'Expanded Administrative Releasable' Data. 1999.
10. State of Virginia: Virginia Health Information Public use file-
PUF1 Patient Level Data. 1999.
11. State of Washington: Department of Health CHARS (Compre-
hensive Hospital Abstract Reporting System) Public Data File.
1999.
12. US Bureau of Census: Population Estimates Program. Report
CB97-64 Washington, DC: Centers for Medicare and Medicaid
Services, US Bureau of Census; 1990. 
13. National Cancer Institute: Surveillance, Epidemiology, and End
Results initiative (SEER)  [http://seer.cancer.gov]. accessed 8
February 2001
14. Deyo RA, Cherkin DC, Ciol MA: Adapting a clinical comorbidity
index for use with ICD-9-CM administrative databases. J Clin
Epidemiol 1992, 45:613-619.
15. Microsoft Visual Fox Pro®.  Redmond, WA: Microsoft
Corporation 1999.
16. Conlon C: Sepsis in immunocompromised hosts. J R Coll Phy-
sicians Lond 2000, 34:533-536.
17. Bodey GP: Infection in cancer patients. A continuing
association. Am J Med 1986, 81:11-26.
18. Christakis NA, Escarce JJ: Survival of Medicare patients after
enrollment in hospice programs.  N Engl J Med 1996,
335:172-178.
19. Hunt RW, Fazekas BS, Luke CG, Priest KR, Roden DM: The cov-
erage of cancer patients by designated palliative services: a
population-based study, South Australia,1999.  Palliat Med
2002, 16:403-409.
20. Jackson SR, Tweeddale MG, Barnett MJ, Spinelli JJ, Sutherland KJ,
Reece DE, Klingemann HG, Nantel SH, Fung HC, Toze CL, Phil-
lips GL, Shepherd JD: Admission of bone marrow transplant
recipients to the intensive care unit: outcome, survival and
prognostic factors. Bone Marrow Transplant 1998, 21:697-704.
21. Huaringa AJ, Leyva FJ, Giralt SA, Blanco J, Signes-Costa J, Velarde
H, Champlin RE: Outcome of bone marrow transplantation
patients requiring mechanical ventilation. Crit Care Med 2000,
28:1014-1017.
22. Chen K, Varon J, Wenker OC: Malignant airway obstruction: rec-
ognition and management. J Emerg Med 1998, 16:83-92.
23. Brown ML, Lipscomb J, Snyder C: The burden of illness of can-
cer: economic cost and quality of life. Annu Rev Public Health
2001, 22:91-113.
24. Studnicki J, Schapira DV, Straumfjord JV, Clark RA, Marshburn J,
Weiner DC: A national profile of the use of intensive care by
Medicare patients with cancer. Cancer 1994, 74:2366-2373.
25. Rosenman M, Madsen K, Hui S, Breitfeld PP: Modeling adminis-
trative outcomes in fever and neutropenia: clinical variables
significantly influence length of stay and hospital charges. J
Pediatr Hematol Oncol 2003, 24:263-268.
26. Astier MP, Mayordomo JI, Abad JM, Gomez LT, Tres A: Cost-anal-
ysis of high-dose chemotherapy and peripheral blood stem-
cell support in patients with solid tumors. Ann Oncol 2000,
11:603-606.
27. Schapira DV, Studnicki J, Bradham DD, Wolff P, Jarrett A: Inten-
sive care, survival, and expense of treating critically ill cancer
patients. JAMA 1993, 269:783-786.
28. Groeger JS, Aurora RN: Intensive care, mechanical ventilation,
dialysis, and cardiopulmonary resuscitation. Implications for
the patient with cancer. Crit Care Clin 2001, 17:791-803.
29. Klastersky J: Intensive care support in oncology: a contradic-
tion? [Editorial]. Support Care Cancer 1995, 3(2):88.
30. Porter GA, Skibber JM: Outcomes research in surgical
oncology. Ann Surg Oncol 2003, 7:367-375.
31. Evans DB: Surgical oncology.  J Am Coll Surg 2000,
190:215-226.
Key messages
•  Severe sepsis is a common complication in cancer 
patients with an estimated 16.4 cases per 1000 per-
sons living with cancer.
•  The incidence of severe sepsis was nearly four times 
higher in cancer versus non-cancer patients.
•  Severe sepsis accounted for nearly 10% of all cancer 
deaths.
•  Severe sepsis incidence and mortality varied widely 
among tumor types.
•  The length of stay and hospital costs for cancer 
patients with severe sepsis was nearly three times that 
of cancer patients without severe sepsis.